Introduction {#S1}
============

Initial therapy for multiple myeloma (MM) patients using novel agents like thalidomide, lenalidomide and bortezomib have demonstrated responses similar to high-dose melphalan (HDM) and autologous stem cell transplant (ASCT). This has led to some skepticism about the utility of HDM with ASCT as first-line treatment for multiple myeloma.^[@R1]--[@R3]^ Recently reported clinical trials using novel drug combinations as induction therapy have suggested that HDM further augments the response seen with initial treatment.^[@R4]^ HDM with ASCT is currently considered the standard first-line treatment for transplant eligible patients.^[@R4],[@R5]^ For patients who are started on lenalidomide, it is advisable to collect stem cells early if ASCT is contemplated in the near future.^[@R6]^ With the role of salvage ASCT being defined as an important therapeutic option for relapse/refractory MM, it is advisable to cryopreserve backup stem cells so these patients can receive more than one ASCT.^[@R7]^

The immunomodulatory drug lenalidomide is a thalidomide derivative that was approved by the US Food and Drug Administration for use in combination with dexamethasone for previously treated multiple myeloma. Lenalidomide in combination with dexamethasone has shown superiority over dexamethasone alone as a first-line therapy in newly diagnosed multiple myeloma.^[@R8],[@R9]^ Myelosuppression is one of the most common side effects of lenalidomide therapy. Based on retrospective reviews, it was observed that lenalidomide could adversely affect the stem cell mobilization resulting in lower dose of CD 34^+^ cell collection for ASCT.^[@R10]--[@R13]^ Various studies have shown that the negative effect of lenalidomide on stem cell collection is probably related to the cumulative dose of lenalidomide, and risk of failure of stem cell mobilization increases with the duration of lenalidomide exposure.^[@R10],[@R11]^

We report a patient who underwent successful stem cell mobilization after 68 cycles of lenalidomide therapy. To the best of our knowledge, there has been no other case reported in which stem cell mobilization was feasible after such a long duration of uninterrupted lenalidomide therapy.

Case Report {#S2}
===========

A 60-year old male with a past medical history of hypertension presented with a 2-month history of new onset upper back pain. Initial work up showed quantitative IgA level of 7,850 mg/dL. After a complete work up, he was diagnosed with Durie-Salmon stage IIA, IgA multiple myeloma and was started on lenalidomide plus dexamethasone as part of a double blind, randomized clinical trial evaluating lenalidomide plus dexamethasone compared to placebo plus dexamethasone for newly diagnosed multiple myeloma. After 3 cycles of dexamethasone (40 mg/day on Days 1--4, 9--12 and 17--20) plus lenalidomide (25 mg/day for 28 days), he was moved onto maintenance therapy with dexamethasone (40 mg/day on Days 1--4 and 15--18) plus lenalidomide (25 mg/day for 21 days).

The patient was compliant with both lenalidomide and dexamethasone. Dexamethasone, originally given at 40 mg for four days every two weeks, was changed to 20 mg for four days every two weeks after approximately one year of starting therapy. This dose was further decreased to 20 mg/week after the unblinding of the protocol at 18 months of therapy. Dexamethasone was later discontinued after 50 months and 24 days of therapy due to mood changes and insomnia. During this entire therapy period, adverse events included grade 1 diarrhea and neuropathy; these were treated symptomatically.

The patient was closely monitored throughout this therapy and his multiple myeloma stayed biochemically stable until he had received a total 68 cycles of lenalidomide (68 months). At 68 months of therapy, he demonstrated signs of progression; quantitative IgA increased to 529 mg/dL, SPEP/immunofixation showed IgA kappa of 0.42 g/dL ([Figure 1](#F1){ref-type="fig"}), kappa to lambda ratio was 3.06, and bone marrow biopsy showed 67.8% plasma cells. Lenalidomide was discontinued and he was evaluated for HDM with ASCT.

Figure 1Trend of Immunoglobulin A (IgA) monoclonal protein during treatment.

He underwent mobilization of stem cells using filgrastim 16 mcg/kg/day for four days and plerixafor 0.24 mg/kg administered on Day 4 (no peripheral CD34 count checked on Day 4). The peripheral CD 34 cell count was 44.94/µL on Day 5. Total CD 34 cells collected were 6.37 million per kg of actual body weight. The stem cells were collected in one day. The total volume of blood processed was 28,674 milliliters. Subsequently, he underwent stem cell transplant with melphalan 140 mg/m^2^ because of his low GFR (55 mL/min/1.73 m^2^). His neutrophils and platelets successfully engrafted post ASCT.

Discussion and Conclusions {#S3}
==========================

Lenalidomide with dexamethasone has shown promising activity in refractory multiple myeloma as well as in newly diagnosed multiple myeloma.^[@R8]--[@R10]^ The ease of oral administration and the impressive overall response is leading to widespread use of this combination. Multiple studies have shown that lenalidomide has a myelosuppressive effect that could adversely affect the stem cell mobilization and collection. Failure of stem cell mobilization has been observed with prolonged exposure and when single agent G-CSF is used as the mobilizing agent. On the other hand, use of non-G-CSF mobilization factors has been shown to overcome the myelosuppressive effect of lenalidomide. Longer duration of lenalidomide therapy has been shown to worsen the adverse effect of lenalidomide on stem cell mobilization.^[@R10],[@R11],[@R13],[@R14]^

Due to the lack of evidence from randomized trials, International Myeloma Working Group (IMWG) expert consensus recommends early stem cell mobilization in patients treated with lenalidomide induction therapy when future ASCT is being contemplated. In patients who had received less than 4 cycles and are under 65 years of age, G-CSF alone could be used as a mobilizing agent, while in patients who have received more than 4 cycles, use of cyclophosphamide in combination with G-CSF could be considered.^[@R6]^ mSMART guidelines suggest that the impact of lenalidomide on stem cell collection could be overcome by early collection of stem cells (after 4 cycles), or by using mobilizing agents, such as chemotherapy and granulocyte colony stimulating factors or newer agents like plerixafor which is a reversible antagonist of the CXCR4 receptor.^[@R4]^ Use of low dose-cyclophosphamide (1.5 g/m^2^) has been more frequently associated with mobilization failure and intermediate-dose cyclophosphamide (3--4 g/m^2^) has been shown to provide more robust mobilization compared to low-dose cyclophosphamide (1.5 g/m^2^).^[@R15]^ Plerixafor in combination with granulocyte colony stimulating factors has been shown to improve stem cell yield in patients previously treated with lenalidomide.^[@R16],[@R17]^ Use of plerixafor/G-CSF and cyclophosphamide/G-CSF has shown similar clinical outcomes but it is easier to predict collection outcome with plerixafor/G-CSF and this combination also has the advantage of reducing the risk of unscheduled hospital admissions.^[@R18]^ We decided to use plerixafor/G-CSF for our patient because of its greater predictability, the reduced risk of neutropenia, and to avoid the prolonged use of neupogen that is usually associated with cyclophosphamide.

Prolonged use of lenalidomide adversely affects stem cell collection, but this can be overcome by using mobilization agents, as seen with our patient. To the best of our knowledge, our patient had the longest exposure (68 months) to lenalidomide before a successful stem cell collection on the first attempt using filgrastim and plerixafor. The role of plerixafor in the mobilization of stem cells in patients heavily pre-treated with lenalidomide needs to be explored in clinical trials.
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